To determine the peripheral refraction characteristics related to 18-month changes in refraction in Caucasian (Mediterranean) children. Methods: Non-cycloplegic peripheral refraction at 10° intervals over the central ±30° of horizontal visual field over 18 months (baseline, 12 months, and 18 months of follow-up) was conducted in 50 healthy children who were 8 years old. Axial length (AL) was also recorded. Relative peripheral refraction (RPR) was calculated and eyes were divided into three study groups: non-myopic eyes, myopic eyes, and eyes that develop myopia. Results: Myopic eyes showed hyperopic RPR and emetropic and hyperopic eyes showed myopic RPR. Univariate analysis of variance did not find any statistically significant effect of peripheral refraction (F 36 =0.13; P=1.00) and RPR (F 36 =0.79; P=0.80) on myopia onset (eyes that developed myopia along the study). All the studied groups showed an increase of AL, without statistically significant differences between the studied groups (F 6 =0.09; P=0.99). Conclusion: Hyperopic relative peripheral shift change in eyes that develop myopia has been found with differences in RPR between myopic (hyperopic RPR) and hyperopic or emmetropic eyes (with myopic RPR). The results suggest that RPR cannot predict development or progression of myopia in Caucasian (Mediterranean) children and the efficacy in slowing myopia progression obtained with treatments that manipulate the peripheral refraction is not just driven with RPR. Keywords: myopia, refractive errors, myopia onset, peripheral refraction, relative peripheral hyperopia
Introduction
The results of animal studies propose that peripheral refraction may play a significant role in eye's emmetropization process, in myopia development, and in its progression. 1 Myopia onset could be related with different hereditary and environmental factors 2 such as genetics (myopic parents tend to have myopic children more often than non-myopic parents), outdoor activities (time spent outdoors appears to be protective against the onset of myopia [3] [4] [5] [6] ), light-induced changes in retinal dopamine levels in animal models, 7 and concentration of vitamin D in the blood. 8 The association between myopia onset and near work remains elusive with some studies reporting relationship and others without relationship. 6 Currently, the role of peripheral refraction in myopia onset has been highlighted, proposing that myopic eyes show a relative peripheral hyperopia (RPH) compared with hyperopic and emmetropic eyes, 2, [9] [10] [11] [12] [13] [14] [15] [16] suggesting that RPH predicts myopia onset and progression. An eye shows RPH refraction when the peripheral images are focused behind the retinal surface assuming that the foveal image falls exactly on the retina (as in emmetropic, accommodating, or corrected eyes). 17 However, little evidence supports that RPH predicts the development of myopia in humans. [17] [18] [19] These reports mainly involve Chinese children population without little research in Caucasian population. 20 So, the purpose of this study was to determine the peripheral refraction characteristics in young Caucasian (Mediterranean) children, over an 18-month monitoring period assessing the role of RPH refraction in myopia onset.
Patients and methods
This prospective and noninterventional study included three visits: the baseline visit, 12 months, and 18 months of follow-up.
Study population
This study involved a cohort of school children in Monopoli (Italy) in order to observe the differences in peripheral refraction related to non-myopic and myopice yes with special interest in myopia onset eyes. Eight-year-old children were examined at baseline and follow-up along 18 months.
Children with any refractive error were included and those with ocular pathology (amblyopia, strabismus, previous eye surgery, etc) or problems to fixate the targets monocularly were excluded.
Before enrollment, and after explaining the details of the study, informed written consent was obtained from at least one parent or legal guardian, and all children provided their verbal assent before conducting any eye measurement. Parents of patients consented to their inclusion in the study. The study was approved by the Institutional Committee of the University of Salento (Italy), and followed the tenets of the Declaration of Helsinki.
Measurements
Non-cycloplegic central and peripheral refraction, across the central ±30° of horizontal visual field angle, were performed with an open-field autorefractor (Shin-Nippon NVision K5001) on the left eyes following manufacturer's instructions. This is an open-view autorefractor with a measurement range of -22.00 to +22.50 diopters (D) for sphere and 10.00 D for cylinder with two different components (a swinging arm and an optical system) to permit subject fixation.
Peripheral refraction measurements were made sequentially. Children were instructed to keep their heads stationary, with the chin and forehead resting firmly against the chin and forehead rests, and fixate the target at far vision (a 20/200 Snellen chart at 5 m). The instrument was carefully aligned to the center of pupil, and peripheral measurements were made turning the autorefractor (placed over a rotating support), first in nasal fields at 10° (10), 20° (20) , and 30° (30) and then in temporal fields at 10° (-10), 20° (-20) , and 30° (-30) ,guaranteeing that the patient maintain the fixation at the fixation chart. The right eye was occluded when the left-eye measurements were collected.
Biometric axial length (AL) measurement using partial coherence interferometry (IOL Master; Carl Zeiss Meditec AG, Jena, Germany) was collected in each study visit.
Classification
The eyes were classified according to their central refraction into two categories following the Atchison et al 19 recommendations: "non-Myopia. Myopia" (nM. M), consisting of nM greater than-0.50 D (spherical equivalent) and M less than or equal to-0.50 D. 19 According to Atchison et al, 19 a posterior subclassification in the three study groups was made on the basis of presence of myopia at baseline (Myopia initially: Mi), of absence of myopia at baseline (non-Myopia initially: nMi), of presence of myopia after 18 months of follow-up (Myopia in final visit: Mf), and of absence of myopia after 18 months of follow-up (non-Myopia in final visit: nMf). So, children were divided into those who were non-myopic after 18 months (nMi-nMf), those who were non-myopic at baseline and developed myopia after 18 months (nMi-Mf), and those who remained myopic during the 18 months (Mi-Mf).
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Peripheral refraction in myopia onset
If RPH refraction plays a significant role in myopia onset, differences in peripheral refraction between the three study groups will be present at baseline and after 18 months of follow-up, especially in eyes that developed myopia along the study (the nMi-Mf group).
Statistical analysis
The data were analyzed using the Statistical Package for the Social Sciences (SPSS for Windows software version 22.0; IBM Corporation, Armonk, NY, USA). Normal distribution of variables was assessed using the Kolmogorov-Smirnov test (P-values <0.05 indicated that the data were not normally distributed). The results were presented as mean ± standard deviation, and minimum and maximum value.
Relative peripheral refraction (RPR) was calculated by subtracting central refraction (spherical equivalent) from each peripheral refraction measurement. The univariate analysis of variance was conducted to assess the differences between study groups, analyzing the interactions of peripheral refraction or RPR. Peripheral refraction and RPR were 
Results
The study comprised 50 left eyes of 50 8 year old children (58% boys and 42% girls) with a mean spherical equivalent refraction of +0.53 ± 1.17 D (range: -1.50 to +5.63 D) ( Table 1 ). According to the three study groups, 72% eyes were nMi-nMf, 10% were nMi-Mf, 8% were Mi-Mf, and 10% were in other groups (drop off 4% and 6% of eyes that "regressed" to less myopic or more hyperopic refraction at 18 months). Peripheral refraction in all and subclassification study groups showed nonsignificant differences (F 36 =0.13; P=1.00) between groups and visits ( Figure 1A) . Table 2 shows RPR in all and subclassification study groups. There were nonsignificant differences (F 36 =0.79; P=0.80) between groups and visits ( Figure 1B 
Discussion
Some controversy exists about the role of the peripheral refraction in myopia development, because animal research supports that peripheral feedback guides emmetropization and eye growing process 1 with differences in peripheral refraction between myopic (hyperopic RPR) and non-myopic eyes, 2, [9] [10] [11] [12] [13] [14] [15] [16] suggesting that hyperopic RPR could play a significant role in myopia onset and its progression. Figure 1B shows that the non-myopic group (nMi-nMf) has "myopic" peripheral refraction at baseline and after 12 and 18 months of follow-up (in all peripheral visual field angle locations). In opposition, the myopic group (Mi-Mf) shows a hyperopic RPR at 10° temporally and 10° and 20° nasally at baseline, and in all peripheral visual field angle locations in 12-and 18-month visits. Moreover, myopia increased (central refraction) from -0.79±0.30 D at baseline to -1.27±0.75 D after 18 months of follow-up. These results are consistent with previously reported data, 2,9-16 which show a hyperopic RPR in the moderately myopic group compared with the non-myopic eyes along the horizontal meridian.
However, the non-myopic eyes at baseline that developed myopia after 18 months of follow-up (nMi-Mf) showed myopic peripheral refraction in all peripheral visual field angle locations, except at 10° temporally at baseline and after 12 months of follow-up. The RPR shifted to hyperopia (except at 20° temporally) after 18 months of follow-up. These results suggest that the hyperopic RPR showed in myopic eyes should 
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Peripheral refraction in myopia onset with ages between 3.4 and 15.8 years along 12 months. Their results suggested that RPH was not an important factor in myopia development, without preceding the onset of myopia, as found in the baseline visit. Lee and Cho 17 concluded that baseline RPR could not predict changes in central refraction over time after study refraction changed in 58 Chinese children of 6-9 years old, during 12 months of follow-up. Atchison et al 19 reported a large longitudinal study with two big sample size groups of Chinese children (2,893 of 7 years old and 2,267 of 14 years old) that found that hyperopic RPR did not predict the development or progression of myopia in Chinese children.
Mutti et al 20 studied the role of RPH as a risk factor in myopia onset and its progression in a large sample of 774 myopic children (8.8 years old) of various ethnic backgrounds (Whites and Native Americans, Asians, and Hispanics) along 1-year progression interval and concluded that hyperopic RPR appeared to exert little influence on myopia onset and progression, or on eye axial elongation as found in the results of this study (Figure 2 ). Mutti et al 20 found a significant interaction between RPR and ethnicity proposing that each diopter of hyperopic RPR conferred a greater risk of myopia onset in Asian children, a lower risk in African-American children, and no significant increase in Hispanic, Native 24.00 Figure 2 Axial length in all study visits and in each study group. Abbreviations: nMi-nMf, non-myopic after 18 months; nMi-Mf, non-myopic at baseline and developed myopia after 18 months; Mi-Mf, myopic during the 18 months.
be a consequence of myopia development and not a trigger factor or developing factor for myopia onset. [17] [18] [19] The findings of this study are in line with the previous reports. Sng et al 18 
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Rotolo et al American, or white children, which is in accordance with the results of this study that suggest no effect of hyperopic RPR in the Caucasian (Mediterranean) children population ( Figure 1 ). The role of ethnicity in myopia onset and progression was clearly established with epidemiologic research that suggested high prevalence and risk in Asian population. [21] [22] [23] [24] However, to the best of our knowledge, this is the first report of the RPR effect on myopia development in Caucasian (Mediterranean) children population. The findings of this study and the previous results [17] [18] [19] suggest that treatment focused on modifying the retinal peripheral image to reduce the rate of myopia progression will be related with other factors different from peripheral refraction (PR) value, and other factors like ethnicity, 20 genetics, outdoor activities, and light exposure 2-8 may be taken into consideration. However, different interventions have been proposed to reduce myopia with different efficacy results. 25, 26 Most common interventional actions could be summarized in undercorrection of myopic refractive error (without any effect to slow myopia progression, even a slight increase in its progression), 25 gas-permeable contact lenses (without any effect to slow myopia progression in children), 25, 26 bifocal or multifocal spectacles (providing a small slowing effect in myopia progression with some myopia control in children with high accommodative lag and near-point esophoria), 25, 27, 28 orthokeratology (with a significant effect to slow eye growth), 25, 29 soft bifocal contact lenses (slowing myopia progression between 25% and 46%), 25, 30 and antimuscarinic agents (slowing myopia progression between 51% and 77%). 25, 26, 31, 32 So, the role of peripheral retina image in the development of central refraction is not irrelevant 19 and more research is necessary to clarify the actual reasons for the efficacy of these treatments in myopia control.
There are some concerns and limitations about this research. The sample size is small, similar to previous reports. 9, 11, 12, [15] [16] [17] It has a less number of eyes that develop myopia, but this is an expected result according to myopia prevalence. 25, 26 Myopia onset is found in 10% of the studied eyes, which is in accordance with the Mutti results that showed myopia onset in 16% of a large sample (n=2,043) of children. 20 Moreover, AL is increasing even without any change in RPR, which could be related with physiologic eye growth in children under 6 years, which could not mean myopia onset or development and may be related with normal emmetropization process. To reduce these limitations, multicenter studies are necessary to guarantee a large study sample. Other limitation is the range of ametropia explored because, to assess myopia onset, low hyperopic and emmetropic eyes should be included and followed up in time. For this reason, the refraction range included in this study is small; however, a previous classification 19 was followed, making the results easily comparable with previous reports. The inclusion of other factors like genetics (number of parents with myopia), hours spent outside, or hours of light requires an increasing sample size. Multicenter, well-controlled trials are necessary to provide evidence-based results. Another difference with previous reports is related with the use of cycloplegia, but our results shows similar trend than previous reports that use cycloplegia. [17] [18] [19] Finally, the role of vertical field should be elucidated, because this study was limited to the horizontal field, as most previous research.
2,9-16
Conclusion
The results are in line with the previous reports 10, 15, 18, 19 of peripheral refraction along the horizontal visual field that described an hyperopic relative peripheral shift change in myopic eyes and differences in RPR between myopic or hyperopic and emmetropic eyes. However, the results suggest that RPR cannot predict the development or progression of myopia in Caucasian (Mediterranean) children and that the efficacy in slowing myopia progression obtained with treatments that manipulate the peripheral refraction should be related with other factors different from peripheral refraction.
